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Technical Lesson 20 


SOUND 


S£aS=Sa=SKKS-3TT^^’ 

at the studio and at the receiving end* 

Since the sound waves controlling the broadcast transmitter 
moulds the current sent to the antenna into a form which, 
upon beS| passef through the receiver, is everted again 
to sound waves which are exactly similar to those occuring 
at the transmitter, it is important that we study this subject 
of sound for the reason that it gives us a very concrete idea 
why certain parts of the transmitter and receiver function. 

The word sound is a most comprehensive word,-:^ a* 7 " 

thine that is audible* Because sound is going to be employea 

to vary electrical current it should be clearly * . 

we should know just how sound is capable of accomplishing o 
a result* Sound may be transmitted through liquids, gases, a 
most of the solids. Although certain sounds carried through 

Figure 1 of sound through air is about ^0 ^perjecon^and through^ 

tsu&Ssiis.'irirJSpi ssrs i;.r- 

caused by some means to oscillate or vibrate^* 

mvifi fnninc fork is the most common method employed to show a 
body in a S sta?e of vibration or oscillation, and how sound is 

produced by a vibrating body. 

A very simple experiment producing both Ration and sou^ 
mav be performed by stretching a rubber band and plucking lb 
sSovrn ?n Figure 7 !. Upon striking a tuning fork similar 
results are obtained as shown in Figure 

Both the rubber band and ^f d e ^ s t hL t vibr^tiSl motio^oan^rdistinct- 



Figure 2 
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excited* denoting sound* the vibratory motion must be transmitted by 
some material medium* such as air, solids* or liquids. Sound waves 
will not travel through a vacuum which proves that one of the three 
mediums mentioned is necessary in order that sound may be sent from 
one point to another. Furthermore, the transmission of sound waves 
from a vibrating body may be transmitted through any substance elastic 
in nature. When sound waves strike substances such as felt, heavy 
curtains and draperies, the vibrations are damped, or deadened! they 
tend to prevent the transmission of sound® 


To understand how sound is transmitted we must briefly study motion 
because of the fact that the vibrating body sets- the air in motion 














Figure 5 


Figure 4 


which takes on a definite form. 


wmcu V,. ~ —ww *- All bodies are composed of minute 

particles, and each particle of the vibrating body, when set in motion, 
moves in a forward and backward motion along a definite path® When each 
particle returns to the same condition at regular recurring intervals, 
the motion is called periodic. However, if in addition, the particle 
is being continually reversed in direction such as in the case of a 
swinging pendulum the motion is then classified as being vibratory® 

In the study of sound the vibrations of elastic bodies have to be con¬ 
sidered and these are indentified as either transverse or longitudinal 
vibrations. A vibration of transverse nature may be described as vi¬ 
brations which inscribe a path perpendicular to the direction of the 
body producing them. For example, if a hat pin is stuck into a b l£CK 
of wood, the head drawn down and released, it will vibrate for a short 
period of time and the path of the vibrations will be as shown by the 
dotted lines in Figure 3. Such vibrations are called transverse vi¬ 
brations and can be both heard and seen. 


Longitudinal vibrations are shown in Figure 4 by the use of a coil 
spring and weight. If positions A, B and P are located on the spring, 
and the weight is pulled down and released, the weight and the parti¬ 
cles of the spring will set up vibrations which are parallel to the 
length of the spring. The particular turn of wire in the coll at r 
will vibrate between the positions, A and B, equidistant from P, hence 
such vibrations are called longitudinal. 
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A single vibration in sound is usually 0 ?°^°",°^ 

the particle, from one extreme poj extreme position B in 

Figure 4, and a return of the particle to ^ ^ particle 

the reverse direction and then that is, making one 

requires to vibrate from A to B and back to Purt her the 

complete vibration, is ®rra 1 «b ts "called the amplitude of the 

S;3nHt1s^:ia SS£=- 




-ONE WAVE LENGTH 


Figure 5 



Figure 6 


quickly assume a similar C time f after the preceeding 

up the vibration but at V™ n/Sater to be a row of adjoining parti- 
one. Considering the .Tbe sefinto vibraWon. At any instant, the 

h^’-‘ 'urSbf.ti™. 

or longitudinal® 

» transverse ~v. £ f ° ST, eS» 

Figure 6. Bj giving the rope .quiet „ a „ a .Ill Be seen 

then down to C, particles o P int D the vibration is start- 

to be in every P^ se . ° f „ v ^ auarter P completed, at F one half, at 

ing. At E t h ; Vlbr !;Fot d* one vibration is entirely completed. The 
Save re thurcau:ed’has d le a ng?h 3 is measured from D to D> and is called 
one wave length s 

The hell in Figure 6 is set thHi? 1 neafthf surface 

of^the^ell is^suddenly^forced^outwardjCompressing^it.^^This^cOTipressed 

layer of air at once exerts a T ^ig S puise°or wave continues onward for a 
cons ideraSfe* diet since ^The articles causing it, however, travel 
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but a very short distance,- only far enough to set the adjacent lay^r 
of narti^les in motion. The outward vibration of the bell, which has 
caused^ this disturbance and compression of the air particles, now swings 
back causing a partial vacuum. The air particles next to the tell 
surface now rush in to fill this partial vacuum which causes a similar 
movement to take place along the compressed portions of the wave and 
the air particles surge backward in an effort to restore themselves to 
a state of rest. It will be seen therefore, that on the outward move¬ 
ment of the vibration the air is compressed and the condition due to 
the returning vibratory movement causes what is known as a rarefied 
state to exist among the air particles. When these sound waves strike 
the organs of hearing it produces the sensation of sound. 

(1) The velocity of a wave is equal to the wave length times the 
frequency, 

(2) or the wave length is equal to the velocity divided by the 
frequency 

(3) or frequency is equal to the velocity divided by the wave length 


Where (Lambda) T\ - 

V = 
and P - 


wave length of sound waves 
velocity of sound waves 
frequency of sound vibrations 


Then we may write each of the above expressions as follows; giving the 
basic formula for velocity first5 

(1) V - Tv x F or V = TVF. 

(2) 7\ = V-t-ForTV = V/F. 

(3) F - V ^ ^ or P = V/\. 

Although the above formula is written here to illustrate sound waves, it 
will bf shown later that the same formula is also used for determining 

the wave length of radio waves. 

NOISE 

When a crash occurs, such as a head-on collision between two trucks, 
sound is produced. This sound is classified as noise because the 
crash creates anon-periodic vibration, or wave motion. Such 
are generally unpleasant to the ear and some non-periodic vibrations 
may become even painful to the sense of hearing. 

MUSICAL SOUNDS 

Music is the result of a rapid series of periodic vibrations and, when 
such sounds occur or are produced at regular intervals, they are pleasing 
to the ear and have a soothing effect. The intensity of a ^un*.^ 11 
depend upon the energy of the vibrating air particles producing the 

sound wave which strikes the ear. 
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Some individuals classify the ttidn^etween 

others; this my h= «>«■•« W I.ISS, »■ It «! » »»« »» * 

«ra - J5J^£^i > «±.-s3S- w ^S£rsS 

K«hS Joly' t ?££1&8£ * 1U ‘ 11ot “ 

the same period of the sounu 

THE PITCH OF A TONE fa 

iin »n\ 

The Pitch of a tone W 

of Hf ir v P £.rionf dSJeSIf Sr second and be- S 

Of the tone and, as the vibration wlll be lower. A piccolo m], 

come Blower the pitch of the tcne e wi ency while tfafi base 

horn. U produces^a ^pitched or low frequency tone. ||| 

HAEM OHIO S "i f 

A Simple tone results when a ^^ n “® e ^es h 0 f 3 simple tones are Figure 7 
Ing a single musical sound. J^® n - reaue ncies of each simple tone are 
combined, in which the vibrating q blned tone is said to be made 

represented by whoie numbers, then^h toneg ar6 lR harmony «»lr rela- 

rSeSSSS of vibration may he expressed by whole numbers 

■** in the study of musical ,®°^ d ^e^interval°bet wl e^ thelTInd the 
$i\ two simple tones I s ^uown er val between two simple tones 

1 1 r^ra-sTcf-s ssrss £» •> ss'in^isr 

If 

oTt ones which vibrate in harmony. 
i\\\ If a stretched pian ° fg r dSf t i a S 3 the C rubber t band did when you 

!! ijil 

into vibration in thl f,^ a f^w^L vlbration as a whole, 

X the tone heard ^om such a string, l fundamenta i vibration 

figure 8 will be what is call ® d J^ V. 

or frequency tone * See Figure u 

, string and then strihe 

If you now place your fi ^® r t ° n v ^ b ^ a te 11 as shown in Figure 8, and they 
each half they will seen to when the finger is released* The 

will maintain this form of thal when vltoating as in Figure 7. 

tone heard will be an octave.^f h ®£ 0 ™*“ d by the string vibrating at 
When a tone one octave higher P id tQ be vibrating at its second 

twice ttie fundamental^reque^it^^ faster than the fundamental, it 

i| r called the third harmonic, etc. 


! fi\ 

!! 111! 
w\\ i i a 

w 


/'/i <V 
till \\w 
III I l‘o\ 

" 1 I'l 
O' II 
11 1 1 1 11 
l ’ 1 1 ill* 
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Figure 8 


Lesson 


20 - sheet 5 




A harmonic is a multiple of another frequency* We can* therefore 
produce multiples of a fundamental which are second^ thirds fourth 
and fifth harmonics* and so on upward® 

You will study about harmonics in connection with electro-magnetic 
waves when the subject of transmitters is taken up® They are caleU' 
lated the same as harmonics of sound waves® In music they are de¬ 
sirable while in radio they are not always desirable and*, when not 
required 9 steps are taken to suppress them® 

BEAT NOTES 


When two tuning forks are set into vibration* the first vibrating at a 
frequency of* say 200 vibrations per second* and the second vibrating 
at 201 vibrations per second 9 they will vibrate together or be in phase 
once every second and opposite in phase each half second later® Th© 
vibrations from such a combination will produce what is called a beat 
note once each second® 

The beat note is recognized by the tone being strengthened when the 
vibrations of each fork are in unison and* dying away as th© vibrations 
become out of unison or phase* then becoming stronger and stronger 
until the vibrations are again working together when a full tone Is 
again heard® With the tuning forks in this Instance* this strong 
tone or beat note would be heard every second® Suppose the first 
fork Is vibrating at 200 vibrations per second and the second at 202 
vibrations per second® The beat note would then be heard twice every 
second® This principle of beats Is employed in radio receiving and 
is explained in a later lesson on super-heterodyne receivers® 

Let us see now how the sound waves we have been discussing are able 
to control electric currents® The ordinary telephone you use in your 
home closely resembles a radio telephone transmitter* or microphone® 

We will study this ordinary telephone so that w© may know how the 
control of electric current is accomplished® 

The telephone transmitter* or microphone* is a device In which souna 
controls the current® The receiver converts this current flowback 
to sound® Th© essential parts of such a device are the transmitter* 
a conducting line over which the current is guided* and a receiver® 


The transmitter* Figure 9* consists of a mouth piece A* a thin mica 
diaphram D« and an insulated piece of carbon* E* in the form of a 
disc which is connected to the button B® F shows the fin© carbon 
granules loosely packed between E and G* G being a second insulated 
carbon disc which* by means of a wire connection* makes contact with 
the base of the transmitter H® 


The receiver* Figure 10* consists of a permanent magnet I* coils J 
and J* and K* the diaphram of the receiver® 
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« s teadT current is applied to the transmitter and follows the path 
from battery^ "Bat", to H of the transmitter and to the carbon disc 
a through the loosely packed carbon granules F P to carbon disc 3, 
thence through the primary winding of an induction coil L, return ng 

to the battery* 

From your study of the induction coil you learned that when current 
of a constant value flows in the primary winding, no current will be 
induced in the secondary winding* therefore, with a constant curren 
flowing through the granules of the transmitter no current will 
through Mceiver magnets. Now allow sound waves to be directed 
i^o the mouth piece of the transmitter and the pressure or conden- 
sation of the sound wave produced by vibration causes the mica dis 
D to increase the pressure on the carbon granules, packing them closer 
LgetK and whe/thus compressed they have peculiar property of 

remitting; an electric current to flow quite readily and with little 
resistance» But when lying loosely against 
a very considerable resistance to the flow 01 current 

pressur^o^the^diaphram then^llows^a^gre at er^wrent^to^f low* through 

coil, the field will become stronger thus inducing a current in the 
secondary winding* 



F 

Figure 9 


Figure 10 


D t o r fall t back°thereby°reducing t the S pressure h on' 3 the "^carbon 6 granules^ 

srSLSJ2T5.rse." 

induced current in the secondary« These vans i f lines 0 f 

strength will cause corresponding changes in the ™nber of line i 
fore© ms sing through the secondary of the induction coil L .- The 

induced alternating currents set up will va ^ * n ® e r ^ibr a tions of the 
in their period of vibration, which varies with the vibrations ox rne 

sound wave impinged on the diaphram D 9 

These varying alternating currents produce changes in the magnetic 
field of the receiver magnet 1, The consequent changes lnfiel .i 
strength of the receiver magnet causes the receiver disc K 
alternately attracted and repelled* Attracted and repelle 
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fashion, the 

SSSS SS5S ^t^tran^tte,. J*» «£ = “o^ 

the 6 receiver^reconverted^back to sound waves. 

The transmitter is, in fact, a sort of valve, o/c£ren? 

a steam line, capable of ^^g^enly and reducing the current through 
or closing either gradually or very feeble sound vibrations and* 

s- 0 o“»!ToSSrt s.s: ■'* «*■» ° f '**“ 

vibrations® 

The form of sound receiver most generally used for^radio^reception^^^ 

consists of two separate receivers moun speaker is a sound pro- 

them to fit comfortably to the ears. ^ other radlatlng structure 
ducing device used in radio with a norn produced which can 

ae proportioned and designed that a loud sound The er 

s iss ro"»a»'°“i"rs iss... .«.** »»*"“ 

through the magnets® 

EXAMINATION - LESSON 20 

1 . Through what mediums may sound be transmitted? 

2 Explain how sound travels® 

How does sound vary the current in a telephone circuit? 

Is sound a factor to be considered in radio? 

Explain how a beau note is produced. 

*», formula L ...» tor dat.r.l.ing the -» !•■»“ <* * 
wave? 

What is the meaning of the word, "Amplitude"? 

What is meant by the "second harmonic"? 

What is the meaning of the word, "frequency"? 

Does sound travel faster through air than through steel? 


3. 


8 , 
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